Introduction
The authors are conducting a series of studies on the quantitative description of impression called ''rinjôkan'' in Japanese [1] . This word may be translated as ''presence'' [2] with the meaning that one has the illusion of being in some place or environment, even when one is physically situated in another. In this report, ''presence'' is used in this way.
This impression seems to be a principal factor in the evaluation of the performance of present AV (Audio-Visual) media. However, the characteristics of presence have not been sufficiently clarified. Presence may be a multimodal impression, and thus the authors address auditory presence as the first step to obtain a full understanding of the characteristics of this impression [1] . In this report, the relation between auditory presence and psychological factors of sound perception, i.e., factors of sound quality, information on sound, and sound localization [3] [4] [5] , is investigated.
Psychoacoustical experiment

Stimuli
Fourteen sounds with a duration of 20 s were binaurally recorded using a dummy head (Koken, Samurai). They are classified into three groups as shown in Table 1 with respect to the location of sound sources relative to a listener as follows:
Group I: Sound sources were moving. Group II: Sound sources were moving with the listener. Group III: Sound sources were stationary. The sounds were presented to a subject via headphones (Stax, SR-Lambda). As shown in Table 1 , the number of stimuli was twenty-four since some of the fourteen sounds were reproduced by the following three methods:
Method A: The frequency-response characteristics of the outer ears of the dummy head were rectified through digital signal processing prior to the reproduction to avoid the duplication of the characteristics in recording and reproduction [3] . Method B: Besides method A, cross talk of À6 dB was supplied between the two channels of the binaural sound. The overall level was maintained so as to be the same as that of the sound in method A. This method was applied to simulate a stereophonic reproduction system with two loudspeakers. Method C: Besides method A, diotic sound was synthesized by summing up the two-channel signals of the binaural sound. The overall level was maintained in the same way as in method B. This method was applied to simulate a monophonic system.
Experimental procedure
An experiment was carried out by the SD (Semantic Differential) method. Four male subjects, between 21 and 23 years of age, participated in the experiment. Each stimulus was presented repeatedly to the subjects until their judgments were over. The subjects rated their impressions of the stimulus on a seven-point category scale for thirty-four pairs of adjectives. As shown in Table 2 , the pairs of adjectives were taken from previous studies in which sound perception was investigated [3] [4] [5] . The pair of ''having high presence-having low presence'' was included in order to evaluate the auditory presence directly.
Factor analysis
The data for thirty-three pairs of adjectives, excluding that for the pair of the auditory presence, were analyzed with the method of factor analysis. Figure 1 shows the eigenvalues derived from the analysis. If the criterion that eigenvalues are more than 1 were applied, six factors would be extracted. However, since the extracted 6th factor was difficult to explain and the difference of eigenvalues between the 5th and 6th factors was large, five factors were further considered.
The factor loadings of the pairs of adjectives for the five factors are shown in Table 2 , in which the pairs are sorted by the largest factor loading for each pair shown by underline. The first factor, F1, is regarded to represent ''aesthetic state'' because the pairs such as ''beautiful-dirty'' and ''comfortable-uncomfortable'' have the largest loadings on this factor. Similarly, F2 to F5 are regarded to represent ''volume,'' ''softness,'' ''information on sound,'' and ''sound localization,'' respectively. These factors show good agreement with the psychological factors of sound perception shown in the literatures [3] [4] [5] . Ã 1: easy to image the scene-difficult to image the scene Ã 2: easy to understand the sound source-difficult to understand the sound source Ã 3: easy to perceive the distance to the sound source-difficult to perceive the distance to the sound source Ã 4: easy to perceive the direction of the sound source-difficult to perceive the direction of the sound source
Multiple regression analysis for auditory presence
In order to examine the relation between the auditory presence and the factors of sound perception, multiple regression analysis was carried out. In the analysis, the presence of each stimulus was a criterion variable, and the five factor scores of the stimulus were explanatory variables. As a result, the multiple correlation coefficient was 0.95. This indicates that the auditory presence can be considered to be expressed by a linear combination of the factors of sound perception. The partial regression coefficients for the factor scores of F1 to F5 were 0.51, 0.30, 0.24, 0.87, and 0.87, respectively. The larger coefficients for F4 and F5 among the five factors imply that the principal factors of auditory presence are ''information on sound,'' and ''sound localization.'' This suggests that the following two points are important to obtain high auditory presence: One is that sufficient information on sound should be given so that a listener can image the original scene naturally. The other is that sound sources should be well localized.
Conclusion
Auditory presence is shown to be well expressed by a linear combination of the factors of sound perception, which have been obtained in previous investigations [3] [4] [5] . Further study should examine the effect of visual information on auditory presence to further clarify the multimodal nature of the impression of presence.
